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Secondary 

Nacronutrlents: Cycling, Testing 

and Fertilizer Recommendations 

by Nathan Hurb, ClalnJunts anJJeff JacObWn 

inltodm&on 

ThJsmotlulc is the siidh in a scries of Extension materii^G 
designeJ to proviJE E>LtcnsJon agents, CertifieLl Crop AJvisers fCCAs)^ 
consultzmtSn and producevE with pertinent infonnation on nutrient 
management issues. To niake the learning 'acttvc', nnd to possibly 
proviJe credits to CcrtificJ Crop Advisers, 3 quiz accompanies thiis 
modde. In addition realiiingthat there are msny other good 
infonnalion sources indudirg previously developed E>Ltension 
malemis, books, web sites, and professionals in the field, we hnve 
proviJeda list of additional resources and conEacIs for those UTinting 
more in-depth information about sulfur, calcitim, and magnesium- 
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OWeilivH I' 

After readir^ this modukn the reader should; *^ 

1. Understand the major processfij that determine the availability of ^ 
the secondary nutrients, sidfur, calcium, and niagnesium, in the ^ 
soil £ 

2. Know the factors that affect eacliof these nutrient cycling c 
processes ~^ 

3. Recognise how different crops and cropping system* affect nutrient « 
availability J^' 

4. Understandhowto calculateSfertilizer requirements I *" 
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SuTfur |S], ci^cium fCa). and TnijjirLi^NlujTi |Mg} 
are (Xjnutkniil wi:L?ntl;iry iniiCromjIritnIi 
btltliust Ihfcly aftr ktJCummunlyj'Ltltl- 
iLnubngthiirLthe prinUiTy maCrunutrit^nU 
[N, P, arulKj, ittanr ruiiuaruiJ b>'Crups m 
n:Jaliv^ly Lur^ atriuLinli, .^thui^ must 
hjils inMunCmaiinil Wi-ufnlr^ironUiin 
atltj^luab: ^L^unJar)' nulriirnU L^crup 
pnjJuL^llOnH SiUrfiLitjru:ltr& art^ un Ihc rt^^ 
both In Hit nrgroniinJ Ihruughuiit tht 

TTiree glubul tn^mls an^ respunilblti &jr 

InL^ii^iir^ S dutiLLirnciLf; 

]) Ihtr ihift in muJtim IvrtilliEtrri to 
rac™ cionCiLntjuBid htghtir-aniilyM^ fbrmn 
CijnIaLnLna tittle! lOrv3S (a hisbjriclill bj'- 
prQtluCttrfthi mjnufeclunngproctraijj 

;Jl tht rtJuCtitjnof aulfurdiuXMk 
E^mL(K]4:irUi frum burnlngi^caLj^ndoilr 
iiihiC!hdt:cnL^^bJj1raL)iplwrLi:SjiL]d]tL0n!i: 
and 

d] the iliLatli^inCrtdsi; In Crop S upt^ku 
and rtmu\';il dut tohlgh-J^eld]ng^■a^el]*ii 
and mort productive niiiniigi^niiint 
EfftiLii^* managynuinCijf ^iiundary 
nutrients TVLiuire^ an undt^ritiinding 
uf thy ptiiLiits that debirtni™ Ihtir 
aviilLibJLlty Eucrups iinJ thir n^i^thud& tu 
nund^ kjthwith in^dtjctuliEtr ^L4:unJiiry 
nutrient Lewh. Bi^cdu^' S titii^^dti^r 
coni;emftjr m^Jit pn_^itn:iTs InMunLiniiinil 
WyuniLr^ ttuni:<iLindMg,]twLl| tedihnjiieij 
first and ingnralLTilcbll m Ihli mulule. 
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Figure K Sulfur Cydc. 
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Mm rvtline 

tTisntfiJ*"nidtiLjnt eh [ht: suit, in^lving 
biulu^cldl, clhtimLiial. jnUn^tn^ubplifcirLi; 
proctrn^ir tlnultirEo ti\G njtru^n[;ii:le 
(NMMuJult J.AV/njyenC^f/jny. il^slmy 
t^nJ^LTfiVi^L.TftYOf^r^^'ni/ufty/L^l. Th^ 
majuf &jrm5 uf S art li^ltd an TjbiL 1. Unly 
Q sniiall iVdCtiunirf tbir tatul S in tht^ sujI 
15 Ttiiilllyiivallflblir lunrupi. Tht nuijur 
pnjd^5h:igi-FwmingSiiVL3LlL3bLl|[^ in Ihe 
kJil iirv plant up^Ltki^, mlrKriili^^btiun. 
itntTiiJbLljZatiijn. t^Xiihjn^^ v^jlatiliZiitiun. 
prvLLpitatLun, uidJatlun, t^ilinztLun, 
marwrdlMvathynng, ianJ Jtaiitung iFigonr 
1). SoilpropdrtlfcLjfiuchihwilErclOnKnt 
pH, bfrapet^turt. and dilriihon irJIuKnLt 
Ihtlt p^^_H:^^s^^ jndt:unit:4|Ufc:ntrv aflktt 
thi dmuLmluf ii J^■■lk1hlb^K Ki satiify 
dnjprtquutnit^nti. Mand^rotnlof ^ i^ 
irapruvtt! by amjntkr5CinJ]ngL?f fiLA%' thih 
nutrlt^ntCycr^nnlhfcLULlandunJerwh^E 
c!Lind]tLyn&dtitk:Ki>;jii>cLre bhiily tLiuL:4;ur. 
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From Jones. 1993. 



S Plant Iptahf 

Flanth require iLgmfk^^nl 

^r usually aniULuiUciunipiir^ bit: 
top. butlEiaSthanNorK 
(HJ^■ll^ tt iL bPty K friDtl tropl 
Jibiurb between lU-lUULbS^i: 
frum Ux sml [n Iht fannuC 
iutfaRr <S0^ =}. althoi^ unli- 
1U4U JbS^are remOwrJ 
frum Iht system s^'Jthhiirwst 
rTable:^). SulEattJ LsanJimun 
andtiAiitf pnmiLrtly in sujL 
mluliun bcLT^uat! ihd ru^livv 
ehiirgL! uf Iht «Jtl uffeii ft-vi' 
[Vjiitutly iihargt J surptLun 
hitts ftjr a lOixiCuTO". l^rupi 
cl^n LiplakedLlL^tiuljtd Jimuunts 
cjfS iR!*ml5WLthsulublE: SO/ 
tioncientratjijns abuvii the 
cnEK:;iL Itrvt^l of ^ - lU ppni In 
thelup tixlncht^OMuLl VLH 
nusi fkj^- (5t:ti NM Moltilti 

/brfiVJi^f. Soluble S usually 

rtprtbenljltliChanlllW 

urtuUil S In Ihir I4jll Jindis 

nrplirniihi^iL by min^rLiJiZaClunoforgdinK: 

m^t&r, ^vtiithLiringuf mint^rdl i, uXJtktLun 
orrb!du:^iI S, imdik^jn^un. 
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Fofc^ a lb™, rnany N.H. JintI 
Kl^FtlhZiirs inL^luJeJS 
ak a manufijcturln^ b>'- 
proJuilt, 'fht rifhullwil 
that M}tw S Mill ^kUtL (] 
to lltti ttjll t:\try j^r 
wathN.P isnJK. iinct^ 
th^n, hl^ht!ran:ilyil&N 
anJ uUKTfL^rtlltZtirs haw 
t^vulvtiiL which dre nKinr 
r^litiuiL^nilirunUiin Yitttn 
tonu S, SLKh^i Lin^ jaI 
iammuniLjni nttr^ite, 
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Figure 2. EfTcctof valuing levels of S on [he 
distribution of N in tops of wheal: plants (Modilied 
from Steward and Porter. 1969)p 
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PJ^Ur[^c|ij]rL^Nar¥] 
Sai'buildJngblixkb' 
fjr [ini4nu ACtJi AnJ 
prut^mvlf SItiniburt 
iLipjd>', pTubfin fynlhtLlil 

ubiinJant lupply. Tht^ 
N llitinaCLunivil^ttii In 
thi^ plantin 'buililjng 
blijLk'fbrm&lnftrdb:!, 

IntlfOppin^ hyblt^nib 
wlk:h^rJ:iL]d]tLonh ^t:m 

nwy ht inhibiljnt;N 
utilLZjilJondnJ Iht^^fijre 
S Ft^rliliZatiun iJ^in trltsa^ 
trcjp puttntEil. 



Plants rtrqutrt&iilA 

Ltinsljtuiintof threu imlnu 
QCidswhcizh arL! ysit^nliil 
to prultin Jiynlht sls iiml 
r^ pr^ »L! nt AppriiHi nuilt |y 
yU'KjuFtht! Sajnttntin 
pUnts. S ih disu nt^Ctj^sajy 
inthtr furmiitLunof 
t^hluKuphyll ^'lt£lm1^l, 
E^n^vn^L^h. JjnLlHinjni;itit:i:Nl5. 
vvh]ChglvK tiKuph iujjhas 
rfiuitdrJa thtiy flav-ur and 
ulur. lEflWitfiiT N ubl lotion 

both art nistldeJ lii tui m 
protiiirUi In the plant 
IniLifftJLi^ntS inhibiti 
pruluin iynlhi: Jti, caultng 
NtuoCcumulEiti! Lll tht^ 
plant tii nitrdtL, ami^i. 
and imlnu in: ids r^thtr 
than pnjtiijn il'^igurt! ^1. 
A]diintN:iriil]uuriihLMJt 
15:1 is idtdl furcflittuti 
prutuln iynlhi: Jti. Hiatius 
h]ghL!r tl^nthis ii^^^tt 
thdtprcHKlJiSynlhetLiii 
teLrglimiEiLJ 
bi'Ja^kofS 
while iniiilliir 
TdtiQi imply 
hurpliiSiS. whJch 
fa rc1ajW[] iih 

wtuhU S within Ihd H^nl 

iStewJirtandPufttrr. lyii^l-ln 

thliway, NandS]n1trt^cUun:i 

iin: pjiitjvtjy ri^ldti^il UnJ 

should \^ truini^^J tugi^thLir. 

t4uR:*punHr Ilj S additions 

^'llluLULir ifN Li lin^jtinjl plan! 

griAvth. SlmlLirlyH UnupdmaL 

Sltwlmaximlarilht cffiriztof 

N It^rhliZ^iliijn un iii^lJ injure 

JfniiJthuL^iurtuiil N uptukt 

In ttw plant duui nutirhiin^ 

iRasmuiitnirtiL, L'JTSK 
HtsheilrchhUN^h^^nthlt 

S plays 5n]Fnpo^tllRt^^:^lK in 

i:rop4|uiil]tHrb smihdn tht 

breh\i mdkjn^ ^ualltj' of wheat 
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and the protein content of Ibra&rs and 
grtiins, BreadmLiklr^ vlini^Iltiuf whtrit 
hdvv iippruitimaEi-'ly LU^^i mur^ S ingrain 
than nun-bnrddrnaklngViirii=!tU:i. ulthuLgh 
tuliil pL^nl S upt^kir i> ^LmllLir (RcnJig, 
l4S1s) ■TV"oinirurbinlfa^:lJjrsi¥lLilird tij 
bread rnzLkingdn: leaf ^'ulum^ dnd dough 
tsiftemibLlity. Quthuf thtist: ^clorharii 
d]TL^t:tly reliled tu Si:oni:Eintriibonln 
grain which in turn ih dtptlndEint upcni 
availabit: S inthe !^l (Ur^relaL, 'lium, 
Aj aconsbtutintufamlnuaCLd^, su/flcienE 
S ii etSEintial lor hjgh proain content In 
loriigE^s and grainJ^. 

Sulfur dloKjdi^ (SO.f and hj-drc^n 
lultidt: fMjS] trom tlitr alnKi^phi^rt^ ijanalKQ 
T^pre^ent iignitiC^inE auufi^LiSi u< S lur planti 
jn JLCitiun^do^vn-wTnd frum LtkiJ-bumTng 
planti, nxrGil imtlt^ri geu-thtfnitii| ar^ln 
and urbkin arthii. ThLiJL! ij^mpuundi are 
beniificldl unJy in Ilw cuniTtintnitrijnj 
and flTt abiurbtd byplintltiiws thpjugh 
^tunialii. Aimuiphtinc ddditiuns tucrupi 
and ioiJi nij^ JLgnilxdnliy. birlani 
usually b^E^vurn^Lu II lb S/aelPuth and 
Ellii. Iaa7i. 
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/^llibleHrewKlb Ni^c) 
Figure 3. Increased erfect of N fertilizer 
with S additions in dryland canola seed yield 
{Modified Trom Jackson, 200DK 



Hoduk t: [ECfTidQiyniina^utmiiti: l^iEiu .TEFtuid oiii FEdi&JEi HECf-imRJa&miL 



atTiOLmhofS tcrtutelhiinutntntTs 

irwurpumti^d InEutht plant nutt^tiJil 
QnU II nuttr^iJLynzl^HriJ. At t^ttv ii^i^ 

withcrthtTT" nLitritinti tlu plcint materLii! 

rvmLJvvd atharvtaT i^n nrprewnl a 
hl^nifkiant loshOf ifnlTOlht kjLI. In 
lijragt CTupi, suchJii jlrjlrjw]th](5 high 
S upUikt. mOMof tht tatjmit^H is rtniLAtldr 
TiilulbnginJi rnajur loia cjf S. On Ihti Other 
hand. intiaFiola unlyabuiit l5^iOfCht: 
tulalptintSibremavtstl^Llh thtr harhtKnJ 
itt^t^Js. ^nkiiiEuf Ihii S rt^niiiinA Lnth^ 

urilllii iJ^n sjgnjfkiintly rt^duct^ b losh^b 
bec^uk^ Uvebluck Kkh^ n^Obl & bikC'k 
tuthtr ^J, InltLCt, L3inii.k:h j»!tU%ijlS 
■ionium^ J by shLirpii ri^Jedh:J hflitk IoIIk 
kill (TlkbJtJtrtdL. 19HAK 

Muieializalion and 
immohDlzatian 

Or^nJi: S CDrTipLiLinJ) hjjLJ In pl^nt, 
QnltTuil. anJ mitrrubcaJ t^sJdutS cluLJi^cl 
in the soilor^nlcmattirrHJMliintl 
TtpTii itntlhi: laKeestSpoollnwtrll- 
dti^tluped gTiissliind 9uik (FTiolllsols^ 
^vhit!h prttluminaG: muchorMunUna's 
aru] W>-Ofiijng\ CuLIiv^lUlI agncullural 
l-inJs |Figurt4f. Uitlr^D^i DfCht: Bjtdl tml 
S in thll rtlgHjn txjsth in the urgiinit: furrn 
(HJiVlinttal, btititf. tlOrptin tmlswhtrt 
mjntiral SdtLunulatn-JnH crfgyp^um iiE 
KignlficzLnt. MLi:rooi^nUm9 di^(!unipu3« 
Ihir 0M4inil rultiasL! plan! availtiblL! S 
IhruLigh the pn-CirituEminL^rjlLzatLun, 
whkhu^Luri iLmll^rly inN ^yuling (Stie 
NMMuJult J]. Abuut I tus1"(iijfuf&inii: 
S li mlnt:riilt?i=!dir3i:h)t^ar. LZunlrtbuttng 
4-rj]b/ai:ijf^lublt S lau^^f (urplint uii 
anniiallv. The amuonCuf S truuhr ^vaiLjblc 
tupltinCi dnniiiillv\itL minirralLj^tLun 
dtip^niljun th^aniuLmCijfOM in the 
lull ami ihi i.unL~4rntriitiL>n ul S In OMi 
IhtrtJbfe, tdking^tdp^ tu niiiinti]nL?r 
in^KEilw^ jOlI OM (wLlh ntj-till, minimiim 
bll, UT ufgiinii; adtlibun:^] (!^n help hupply 
a rtsUil3veJiii:un:^t<int<LnHiuntiJf<L\''.iLldblt^ ^ 

iDthtiOll, 
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TniniCpbJllz^LlliJn " 

TefcrsliJlhtr prut£Siof 
^unwrtlng LnurganiC 

andlS^i^nllciLiytkj 
TtwrsL! ijf mlntrralLaatlon. 
Mn;n_MJnliiniini5 riimLAt 
avj]fiWt S tRjm Hulutitjn 
and L^jn^iert il into 
pnjlelnh ^rwi uthilr ur^nic 
tlflniFtiundi. .\l Chough thjs 
pructsst renRiws H ir\jm Ihi: 
av^ll^blti pool. IhtL S 1^ ibll 
\j\ i\ rtistiPht puol that LGultl 
c:venLwUv bCLumedviiili^bli; 
toplhints ^'L^ rajntfKali^buTL 

SiniTt^ tnLnLr4ili^Lit]un. 
Jind itntTiubtli^ahun 
are pnturtly bkriug^cal 
prutiisiej, any f4i4:lLjri 
EiEftirllngmiijnjtoal gfuiyth 
^lll inlluiinCir btrthuf 
Iht le S tninsfijrmiaCujnsH 
ImpjTlanl ^dCtur j jn^Luik 
iuil ttmpLTtiturt-Wiittr 
iJuntnt, pJ-l O raliu, 
aifr^Liijn ami retldw 
iJOFiiposiEiijn. 'tlTtr highest 
mlndmtiZdhijn jnJ 
IniTiyjbiliiitJtjn rales will 
c^cur under otrrati^d, Wiirni, 
and mcflStciondiEiuns with 
Dear ntLuU^^d jiH Itrvels 
tticauie thew tionditiont 
an: Qptimal iur mii^rutial jc:Eint>". 

The N-StntLOihrelatLitily blaUeln 
uM, renuLiningnearH:! iFuthand Ellis, 
i^7], but Ih! C.S riiliuls niurt v^rLird, 
anJ strung] y affei:ti thi: itliitlvv amLJunts 
urniLner4ili^jt]ijnLjnd imtriubLlj^atiun. Jf 
Ttildue^ anJurgjnl{: matter Idnk juUkJent 
amuunl^ ijf S, mii: rubes will pull the 
ntrt^iUiJ S Enjm tht^ sulL and Immiil^llze It 
inurgiinK&, as ii the Ot^'^'henii retidtje 
like mvi-duit a added tu kJlJ, Reilduei 
withCiSratTus higher (han iibuul 4^H^: I 
re bull in n^t imraubiliS^tlLin uf S frum 
IheiOil, wh]k C:i ratios Itj^verthan uaO:! 
rebutl in rk:l nu nerj luxation of S into 
the ^1 (Preoe^v l9S«k ltt:U-i^n raUou 
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SqiI sulfur [ppm] 

Figure 4« Typical 
distribution of organic i^nd 
inorganic S in a mollijoL 
(Brady, 1999). 
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of 3l)l) 1 and 4««:I. ia cunibiniilTonijf the 
t^'uprLWsttia.airs.ThiiOriiliuJufia 
RLinilKrufiJt^njC nriLJui!i4ire llitud in 
l^ble3, EiiLh pru^'isuv iJi=!CumpoiLtiun 

iitiarhundliJKLik. IhL-fvby luw^rin|!lhiiC;i 
TiitiD, In IhFiwiiy, ewni^biJuebwith high 
C:ii r^tiu^dntr^i^nlLulJ^' lupplv the lOll 
with d^';Llkblt: b. 



Sarption> Piecipilauom and 

InDFgiinlc S cccurs ih tuUd ph^9t;K ]n 
the ^eI an burb^d Sor S mintrjls Surptiiin 
ijf S0_ ^ jrwtna^^i iii iniun ^:^l:hi^gy 

MoJulbj !^i. Su]LiibjtnLniib-J b^' pujltivi^l^ 

AECanJ tbLTcftjre surbi^ilic^int iulfdli^. 

In thjs nrgjun, tmJs tipLiTQlly hj3\t JOhV.^C 
bcLduat^ oE their iCrungm^tiiLii^tj^tr nhdrgt^ 
UnJ hij^ pH l^vuk, 5u k^rptLun uE ^Lilfntf ti 
mininidL As a ^mr<il ruL^, S0_- Mjrptmn 
II mrigmfunt atu^v pH 6,5^ 

Indi^njc^ mlKrfLlv tiithiij ffipaum 
ItlsSOjl, KtlprtlaElntanirDpDrbint S "puul" In 
Muntinia dnJ W^uinLng smb. CumnHinLy, 
gypluma4^{:ijniuldEL5 inthi^ hub^Ll, 
Ibrnurg^ S-rLi:h li\troftKn]n[:loie 
P*nXin3jl:\' liiL^akaura CarborMlE ll^aCO^) 
la^nn. v\!thtAjgh Chi^ aurfiiLe liwn u( IhtLMi 
^LIa miiy ha^t l^j^ kv^buf pldntavdjliiblt^ 



Idle 3. (iSitilooh'amiuieiidief. 
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From "F^batabal and Chae. 1991 
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S, tht! ikiep^r mln^T^t £ inJilntiini in 
iadtHLuaW iupplyuf S^'ith]n l]v ruotij^ 
Jupthul muitiirijpi (HiTdtundnd Super. 
!M31)Mi;arlvln thegnMrtng ju^i^Tjn, subsoil 
S nuiy nut te QviilablL tiinrupi txiTiuit it 
i> ulfI ijf ftdCh uf thu ^rurt'in^ruuli. Ld&r 
in the gru^^'LTg s^^biOn, when ^J vi'atiir 
IS usually mov'trg up^'avtl thruu^h Iht 
prufile anJ plant ruuli haw grtM'n Jt^cLl:t:^, 
ddf^quate S Ll ]itLnfc^r;ill\i Jlo^SiLHe to Crup^ 

Sctcurs in numirouh pnmliry and 
sei:':jntlJiry mind rats, ^hich rekasE iLitber 
SLil(;ilEOrsulfiJe{S-laithL:y wtatbiir, 
GjpSura liwLilL^ly dlhlrtbuQid in and 
dnJ ^mi-ayjd Suiku^hdrt: precipit-ibun 
]S luolOfcV tc leii!htbe mintiraluirtGf 
Iht pruEiltr. Shiiki an J izliiyltunri [n 
thL rvgfun i^unQing)'p5uni and n^le^s^ 
plant :iV[i|LjbkSiiitht!ywtr:i[h^r(W^'th 
and Muntaanti, l^BUi, Urt dtipusits in 
Muntiana dnd W]ijmLng ufttn iiunQin 
n^irtiil ^ulridt^i, luch^) [run, ziix, anJ 
mflr^niTHr sulftJt*. Ai ihi iulfidt^s (S"^) 
die^JtpLiiiiJ tuiM)gtrn<indw^ltr they^ 
oKTdLzt! Eu julPdtirxiinJi^an&ignlfK^ntly 
Icwtirthe pVlui thLi iurruundinfi iuji ur 
^vnteir, ansthtrc!^^ With .^lJ mint biLlings. 
IndgriLLilturiil st^tbngh. the itLMi relE^<iu^ 
of hulfklt nuniSTalHlntcthi; herein be 
b«ni!fii:i^. butejii!ehi:u:it[Lty may be a 
cunCEim Elenwntil S (S*) alio uxid lit? s 
lOiLil^b: LnEht: pn^sE^nuufh-aUrarklalr 
dniJihc:umraunlyanpllEjdb:}h£ghpH suils 
both di :in S ftrtLliaer and Jis i^ mtiins of 
ItAvt ring tine pH for plant grL^v'tK 'fhe 
re&LiltlrgaLidttv' i9 gun^ rally short tiwd in 
"pvell-bufftrtid suiliiiml njt[uin^5 LuntlnuLid 
applli^ation [y tv niHinCilniid. Oyp&um 
addt:d Eu auil j& Ik^rtillzer ^vlll nuither raiiir 
nur luivLT tht^ pH uf tht suil hecliusk^ thti S 
11 aln^4idyL:ijmpLcti=!LyuKLdliUd In the lijrm 
uf sulfdtt. Sulfidt^s and yknit^ntil iulfuranj 
found tnwiili^rlLggtid 5U|li4indxt>ctJdnd&, 
andgtrntrnilLyuxlit in ItA^' ^un^kintraCions in 
muitiigrLiiultunil kiill. 



HdM^ t: [ecfTidaiynaQiEiutiieiti: l^fifini .TEFtmd oni F^i^ s HECf-imRJo^rnic 



Sidiies 

Slhlukt^oni theiGEl by bvo prtu^tiE^i 
ofl^rlhiinCnjpuptihi:li;;it:hingJind 

TYmLA'Hl of pLanl d^';Llli>bll^ & by w^Kr 
m^lr^ thrm^h thi: prufilt, wlftrrtas 
VijlatillZiitiLin apnitnCi a bmlugjc^iJ Or 
i:ht^mLJ:al triin5fum)^tKjn4inil ^uhlciiuLnt 
rtJeaiir irfS jntLPtbir Qtrrwjsphtrrt- Tht ^Tunii 
^i-iththtr hi^hi^it mk^r lulltLte Ie4ii:hlng 
an iLiiijCL^ti^d^vLlh tughprvLipitatLun, 

ihalluiv ^uil^, iinil auiLi^vlth lu^' AEC, 
Irr^liunfullurt'inaSU^-'lvrlLli^T- 
QppliLTiiliuni^anniLJvt SO^^ thrui^ii 
prii^tik ajklE^\«nliiLllyuuEufnU[:hiJf 
pUntvtotHF^uniai.SulfiiW leaching 
nipnihLntiantii:i:n^onu[: tii^s bec^ujt: unCtL 
Iht SO^-hiiilidfl the joiliyiltra. jt n no 
lun^raV^ll^bltL Ibri^rupupLiktL. In 3^mi- 
andcUm^Ub luluk uitiin4^oirt^[:t5 intbti 

ia Inhuffk^idntvvziUrbj flulhtlse ^iniun 
telo^^ Ihii routing l^iifuufplunU.i^^lung 
lubiKh di^ ^ ntr rally Fi^bi In iu^h pK y3\h 
bticavjie iLilfdly ^vlll pn^i-ipJbiltwlthCii 
Or Mg, It ihuLild tc nutLiI ihul in ^rmr 
mils, water mcJiing upiviiril thrm^h tht 
mil prufilt viacdpJllirj'iwilnjnJaH Inlht 
grwlr^^^dmn can carry S luwarJitht 
pl4int rmt^ and Ihe ^jII iurltLirt^. En iuch 
iniliini:t!j.fX4!J^a&Ci]4inilMj;)LilEJtt^ sjltj 
CtiniiiiiiLin^Liljtcr tulurmEul IfwJj jnthir 
iurfdCt! iiml limit pLunlgnj^h. CJirelul 
^vEiter rrur^ijl^niLint, i^ijKclally In 
im^ttdtrupping lylUmtt^Jin 
prtvtnt nunyuf the prubtefna 
asiOi:]dit:Llw]thle^L:hjngof iOT the 
aver-ii[:cumLJ<itiLinijf ^ y^ti. 

Vy^tlllz^lionof bulfur 
CijmpULmd^ reprtlsi^nti j rtrldli^'dly 
Kmlall luhi In most agriCultLunl 
0I9. (JE^nf^rallVr the amount uf 
Si^lalllLzi^dtrumthi^ 9uilit Ie^h^ 
thisn".«5*tuflLffdlSlntht: auiL 
LLnd frum llvu pLunl^ iht r^Leam Li 
btitwi^tn^.UJ^andfe^irftijlaiaLn 
tlu pknKH^vhnLfE^L, !MMM).Muit 
nJlatillZiillun m tht ^11 tn^curi 
Uunr^ bLulugiC4i| ik4:um|xjiitiijnur 
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F]gur£ 5. Distribution of S addEd to the soil surface 
as a function of irrigation amounts (Modified from 
HavLinet^.pld99}. 



UT^nlc: n^HidUE^H. Qlol^ic^l vubEill^iillon 
t:an iM:ufc- under both iieruhic ^nd 
ana^robci^ L:und]tKvi5. butih Itias 
bignificant in^'^ll-drdintd, wtiU-iierjilutL 
bmls HijdalL^etal., I^SQ). 

Pnjtably tht! must Jignlficant volatile 
losiuf SutLiuriwhtnLigncullurLil aivis 
ar^ jubftict lulinj. .\lthuL^h sulftitt^ 
^unCtnCniEluns may ini:n:L35L! due to 
chi^mLiriaL minirfiiJLj^tLon (burnLngl uf 
ur^ni^ S, burning iJn'gra St tus ririuLli:J 
inluSnrso(75'K]urtut;il S in vv^irlalj^v 
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Figure 6. REJation^hip belv^'CEn relalivt! yield of 
wheal and plaol NeS ratio (modified frDm Spencer 
and FreDey. I9S0). 

Lowr (Ttnlale ttal.. t98fil. Thi! Ctm^trsicin 

iiJjuniakr thi^ nLitrmntniLifi^ »uiO=!p(lldt! Ii> 
It!4i4:hif^ 

Sampling for s 

Sjimpling bull, pLinI, ur Lrng<iUun 
wahrrfor St:in be ubtful LntkUrrminingS 
lirrbllzt^rni^t:dy EdCh ufthi^si: i^diiCuskrJ 

Tilt' pnmiirygDiiJ uiiuti l^stngftjrS 
litudL^lt^tmant^ S ftirtiliAT rvifucrvnitrnl^ 
(tjt h ipti;Lfti.Ti>p_ Thy triLiihflnics L>f ilhI 
br&lij^LinJ l^implinghiivv bct^n prtrviouily 
diriiinhtii (NM MiaIliIl I, ilie/Stm]p/?/Ti^ 
£itJiILubo?iiti}niSL'Iecfi\}ti\, Sampling fur 



Shai bt!enLLiubjec:toFitebiitti tvcauie th: 
itiinibirdsulllL-itfurcXttmiiibIt SU^-^lvii 
priji4:n ^nuiwhal unn^llablt in pfvdiLltLr^ 
yield re ipunsts Tn Muntini iml W\Hjniini; 
{Glavbk, \^^'1\ JiiilkJUnH ?UUUK ALlhuu^h a 
high & M luwl (S0_-S->5-]U ppm) intht 
top hlnclhiL^SLrf soil Uitll ne^lrly guard nlLt^ 
^E^£[Li£]te S, suits with tiM' anil rciuJt^rab: 
SEi:Mkv't^hdiinotAlwa\iin^spcDJluS 
ac]ditLOns.Ali>h^- tifhtingunllmdystiM supply 
iiJropVvnhadilquiiK S b^iJbust: Q(jmpl*i 
S bdiu^' thi^ lasting dtipth [i.e., J gv'psum 
laii^rf. llgnlti^ntiin^nHr S mint^r^ilLj^ttt 
Jut ing tint gnM'IngiiLascm, Or hjgh S Itvels 
]n ihallcjrt" gruundwaterdiFtLiblK' lur L]t:«p- 
routirgcrups Suthiil bilfhilfhl Dthtr sulI 
ttili &jr S iru^luiUr mLaiurli^ tht urgmlc S 
[:onb:nttiicillmaU mintrmlLZaELyndLirir^ 
Ihft grtwtng st^isijn ind mtiiiLirans Iht 
S4j|] NiS riiliu, Sull S t^sts helpdt^&rrnlnir 
^C^AY^^/Ze/dtrfkiicnE auib, biit planC 
lissLit^ &*[5 hfl^^ pruvtn muf t tfttLtivt In 
]dt^ntif^'ing:iclu£il S L]bjfii:icncitji (Spcn^tir 
anJFc%^nyy. l^BU). 

Plant n&iui^ ti^itirg li uii^d ttj mtiiiiLin: 
Ihii amuunCuf nutrjk^ntb jn H^ pJant. 
Tl5^uiLliibtl(!^nJjnia1v^t; thi: tutdl p^rcltnt 
SindK5'miilttrurtht: pbntNiS. 'Iblal 
°1^S lewlh in LrupibinJ ptantpiirttViry 
iiniJ ALifiCLtfnTrhir^^dn: hsttiJ m 'I^Ne 
4- Ht:3ults J>:lo^ thtiat: sufiLitinE rangtis 
buggtistdi^^H^DCy^ndCht: n^tid lur S 
ddditions. The plant tJiSriillo Is L^jranitjnly 
u^tiddsdn Fr^LLalOrof S stjtul incrup^ 
ITjM^^ 3K Fur exjimplt!. tht! cntjtidl ratio (or 
\vheat IS abuut lliil. !^> JjS:^Liniingadt:4|u;iU!- 



JMl 

Ca]cu[a1ion: S supplied by irrigalion {Ib^) = Irrigation depth {it^ x SO^-S (ppm) x 2-7 
iThc 2.7 factor is because tlicre are 2.7 mil I inn pounds in 1 acre-ft of water) 

Example: ThE irrigation water contains IG ppmSO^-S. One foot of irr^Iionwatcris 
applied per year n.e, 1 acrc-ft/acref. 
HnwmuctiS is SLjppliedto the crop? 



Ssupplied = ]xl6x2.7 = 43lb^ 



Hoduk t: [ECfTidQiyniina^utneiti: tfumj .TeEtmd qtl^ F^iiL q HErnTTrai^D&mL 



nltn_©:nltivt]sintht mil, ttilLoign^ltr 
Ihan lA:! rvpniirnEan S ilfficLirni^y In 
thir plane (Kj^un: l^]. Tl^iuc {\d>t^ ruifuiru 
QiUlLliunal IdhuralurypruCfidunrJ bej-unJ 
the »l4inJLirJ ^jll 1i^5ti. but ihty ure 

UnftjrtuiviiiiK'. dEtkitm:]*^! Lntlii^atid by 
bajiut ItUi Liktn Jurjn^lhi ^iM'ing 
StaacffitdnnultaHily bt CurfcCbiL] until iht 
faUOrtiinaxtar SyptLatingdnnuiil iOtl or 
bbhLaeWblltrViils. SH^rtlEi^honJjrauijntK. 
and iJrupyctltl, grk Cin btL^jntuLitttrraLne 

hKM' ^ fiLTtllU^ZltLUndnHiUnthJjffiLCltVlt^til 

and bml Ult k\tiU Ibr 3 p^tl^CulJir fblJ. 

lliLi nUiypri^w mure (rmtful Ihan 
ullng pubLlhtldgLiiJeliniis. bec^uk^ it is 
ipcLLlii: lii^-ijur n^gkjn, Lnjp vdnt^t^'n anJ 
m^nd^nHznt prtLCbcei. 

CDllecllr^ irrLj^tiun water iur 
anafyiliijf &U^-S aa iiit^liil lijr adjuiling 
S ftirtiliarr nuiLiimtruinta. Fuf l:^a^^plt, 
tbir Miisuorl Riwrneirltiston i^unlaini 
appruiLLmflttl^ Iti ppm 50^-S. _\pplyina 1 
Hjut uf thi) ^VlLlt^ lun JvJdwLlI supply U 
IbS^ rCiikLiJaiunliLM li.^^hlehihuulJ 
mtf^tiinyLZtnjp'i ^ mitrdi biiUrJ un Hiblu !!, 
lliUdJilcukitLOniH bastid una high HO^-H 
titjnt:entratLOn; rarelywill Iht tinbiE crup S 
ntitidH bi^ metfruni Irrigislitjnwi^tiiralLjrrti. 

S F«Tfitizfr Rf commenif alJonN 

Altbui^h S hiii ni.jt hliluritally bttn 
a nuhLtniufi^un^^crn inmuiinrupping 
iyib:nii in MunQna anJ SVyjming, th^iv 
art InL'nrd&ingrepurta and nrwranrh 
rviuLli iniLLCaEIng aignltiLr^nt ndijxin^'^ 
tj8 li=!rtaLlzeriuJJi1]un& fbrizrup^'^IJ 
Lind L|Uii|lty. n^ipuni^i tuSudLur 
mLplI iiuniniunly in Cnjps with high ^ 
TifLjijlTYrnt^nl^ Au^h ^iK .ilfilfi cLnJ C^nutir 
with croph where mtiiE uf IhfcL plant 
rnateruil fa ftrtnov^d. jn Umly Autls. and 
inhJils Withltis thisn5-l"ppniSLl^^ 
intlie tup hix Inches. ^ IncredKij yitrlil 
whtnN IeiwIh are diki]iJdlK, dnJthn t^'G 
nutnentnaredLUtLJyniliiEifJmlkrtllif^r 
reipunaE. UnHkt: N-P-K, aCi^t^ptKiI 
fertLliatrgurdtrhnej for S do nultiiLit 
inMonlznadnd W\ijniing. rfcirtilLjEt^r 



]%[!CimnurnihlliJni tor 

cnjpj in Ihi* rygLoncdn 
bu delirrminirJ basudun 
[ustfiripun^S, kill iinil 
bfiuc b:&li, and Lnjp 

Up([lkL!. 

Bei:au^1ordgeA 
eont^m high amuLinL) 
tif S and thi plant 
mijEiirt^ ti n^moijed 
from mt fitrld. Che aNIIty 
of tht: soJ b:}ni;j]nl]jm 
adijyualeSibikLftfdieJ 
and S jddiEiiins an^ 
ofttn pfofiUble. In 
ontr hludyiindt^'bind 
ntn^njiial (urtigtis in 
Munl^na, aJJil^uni uf 
'15 IbS^inL-tna^ed 
yitld in unt uf Ihret 
&ite5 dnJ ftignlfKantly 
in^ndakJ the pruCirm 
^^untuntfltall thririi 
iitts iFlgufeTKThtise 
iiti^idllhaJ kjil SO^-S 
iListleivls tttweenj iand 4 ppm, whith 
hL^geits bcnhLrhnf^ S de[iCLt[ni:y. Ina 
dj fliJ re nt hludy. on:hiari^a:^9 forage yield! 
incredHd :^^^j un Irn^ltid aLluxlal AOils 
in MJuthWfciHlErn Monlina Withadddioni 
of [fF> lb Ji^jit: (Rd^mus^n jnd Kni^r 
lyBfij In AlbfcLTti.luragetirupyieltl 



«M#3 

HtiriOfitrntaSgi 
adttlSHaugeHtnl? 



JfrigiitJun w&tb!rurb:n4:unLa|n& 
conilJ^rabk JJihilv^d S, anJ, 
tht:n:ftjn;. rfiprtiitnt^ i* n:gi.ilar 
adJlUiJn lu^omi^ sud&n In iijn^^ 
jyih?mJ_ irrigitiun w&ttiralLJnt: 
li ftuffkiLintin niaintiiining u|l 
S li^v^li. Irngallunv^'attrUin be 
b£ittdlbrii.ilfdh: tugmm^te^ 
addlhons, Lunwriely irrl^Tion 
Cdn ijgnlfiitcLntly [iCi:t;k-nib£ 
leAi:'hingln Ihe hjiI and n^mr>W 
plant available S. Mifntamic^ 
^i! s^'aEtr dl IWId Cdpaeit^'anJ 
d\'oidjngu^vr-irngAtiun L:an 
rH:dui:u S \v^y 
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Figurt^ 7. Protein conic nt response to fertilizer in 
di^'land perennial forihgej (moditied from Wuihnianp 
2001). 
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lnm:asetl!?5"'(jB!^i)U'^t]fU]o^v[r^iiiUitiuriJ hkvt rtsponJtd ilgnrfii:iiritlvtoSiiddlticini 



uflSJbS/iUrlBeatimLinJSoper, IHSQI. 
Pcrniuil iuth in MLmUna amJ ^Vv^Jtriir^, 
4iLJJltLunjuf ::t^lbS^L: ^ <ilf<ilf<i-gr<iiS 
luTiigbj cnjpi An ri^LunimtrnJtriJ If SU^-S SOIL 
b&tli^i^Jsi art Its* than !i ppm jn Ihi: lup 
lnnchtrHlfaarausaendnJKri:^^. lS*mi>. 
IntilJtniLily JefiLitnt no^^^^ltl5tl:J lOiltr 

ll^ncrihi n:quin:s lughdmOunlluF 
Si hbt beCiuK Itrsi i li rL^mOwJ ]ntht 
luniiibLj porliijn tKin m boifUS^ [iFOpbr 
cancHii^ntrilly rt^uirtl jmzillEri4iar]y 
dLJLJItLOns. Soils with lets th;in 5 ppniSO^-S 
ihuuld te ^rlilL^d^Llh 15 Lb^dc: VJLlhiin 
uptinidL N-P-K bk-nJ llli^iilunand ^u]]t^r, 
IPSbLJacl^tun, ::ut^t^i..^JJngi>lurmL![ 
4!njpni!^Jilni!ri:d^& huth llw Sti^d yidd 
iinJ Ihcuil [ntht mtiJ lijf i^ianultL 4Bf^lun 
iinJ Uli[xt, 19B6I. C^rvfLill^ miilnEiLining 
Ihi^ LiviiiJtLblL^ ^ pjij] in Lunula uftrJibun^ li 
impurtiinl hjpfevKnl^ngyltJd rtiJuiitiuni 
beiifiu^ th]i L:injpi:an bi^ Stivtiri^lydflkcrbrJ 
by S ikfic]cncy. Raiding LaiHiLii bit S In 
ALbcfti mils shuivtil imrrtiaSL^s fnjm 'iti^ lu 
ovtrr5UU°^l^i-[:anoUi iJIh^dtun and Su|>^, 

Whiiat and othtrr ^mall grdins uit 
relatLwIylti^K SdnJ mlay bt: bttlt^r bulUJ 
IbrSdeti^ltrnT^ls Dl^5P]Il their lu^v S 
re^luLtenh^nt:^, ^'htsdt bbrltsy. ^n\i mtcruph 



Idled. CoHBtibi^edlotwefSEerEflizm. 
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jn iz^rtiln lu^tions inMuntnnaiinil.^lbirli 
wjth yitid iriL'ryiiiti rJingmg frum lU tu 
4UHbdfismu4sunLind KTTijJjr. lysiil.Tht 
CrltiC4il soil b:itlti«| ^ xvEu^l isiunty J 
ppm SU^-& and ft^ttillKtr rLiLiiJinrmnJalauni 
luT JtffiLlEinEiinj^hran^betwtien lUdnd L5 
IbS^. 

Thtini am nLiroEiruui rbrms ofS 
ft^rbli^rb av^llilblfc^ lOprOLLkxli^rS, many 
with wry dLfftrtntraEiQfmltiiki.Tht: 
mOit (^ummun & f^Th\\2^r^ Liittid in 
Montinn and Wyuinlng An If Kteid in 'L^bhr 
5. Tht: niijor feelers Int^hccslnganS 
ferti lister ani the ^cunUnt or the ltiFtltiZ£±ri 
thejv^iiilflbililyofCht: fcrblL^rtotii-uph. 
the [i^Ldi^ingcf&xtuElhe ninl^ntLl, cind 
thtcuil. AmmuniLim iulftiW- ammoniuni 
phusphiitt! lulfattj, g)'p5uni. [indcpiijm ^^It 
arv the must iromm'Jnly Liurd S wLinitis 
hi^C4iuat^ thi^y i|UL4:klv nrlt^^^ iLilEnb;! ^ 
pJant u&c. Uf thi^lL! Ivrlili^^ri, ammuniuni 
mlfjty Luntiin^ ihxi gn^ltll pcri^tint S by 

Eknitrnlal K rS*l. on tht iJtbL-rkinJ. 
niujt bd uMdl^'d tu lullhte befun^ pLiint^ 
[:anu1]liE£elt ThtiT^tiioftbihpiTa^si 
dt^p^ndhun fLirtLi:le iizi:. Enk^urpuraEKjn, 
iind thii ud clOndiEfcn^ disciih^d trarlitfr. 
iind Lian be very hl^'. Oitpersibk. gr^nuldr 
^lemtLntjl S rertdiStLrti^n: bruddiiasttu 
]n[:rt:L]St: sunakitLJ^rii^] ande^pukum of 
S. aixl Ihiiniby acx:E^lerdl£ 

oxldJibtjrL m^iinwitlilmproxtid 

distribubun uf Sr thi^ turm u( 
Proust bt: applied wi^llbelDR: 
tlvgnjwing^e4ihjnlf It Li 
uXpixtLd ti> supply thi^Crup 
with S, iJthtnvtic ifJtTui rviidrty 
LL\aiiLLiblL a ahuuld te iriLLuiLLd. 
TTieuthLTSignituriint fbLtunn 
applying S*ii the addi^Tne 
Qffcct It may haw unthtf iuil. 
Most mils inMuntaruiind 
WjiJtTiLr^ anr rtnjngly buliVred 
Qt high pH Itjivis and ihuuld 
not bt adversely affetittd by 
thisefKLl, but Siindy hjils 
may be muni hustieptibk to 
aclditktttJon withi:ontiniJtjd S^ 



Hodul^ t: LECiTidQiyPCdQaxiitiieiti: (fifini .TEFtmd oiii Fst^ s HEr^Trrwi^DfiimL 



Jbodi 



taltfllaljan Box 2 

Calculation; S fertiliser to apply = S Recommcndation/S fraction in fertiliitr 

Example: The fertilizer rccommcnd;ition ia 20 lb S /ac- 
How much ammonjum sulfate [2l-(Ml-24t iBneeil^dP 

Recall thkat the24 means tJiat 24% oftliisfertiliier by weight is S E]tpre5seila5airactionH 
2A% = t]2A, 

Amount of (NH^) SO^ needed = (20 lb S ^ctvlj:]4 = 83 IbAicTe ammoaium sidfali- 
For compari^Drir how much di^persible, granular S'^would be neetlcd? 

[f SJ Ib/acofammonitim sulfate ware applied, how much N is being added to the &oil? 
H31b/ac{.2]) = 17 lb N^^ which could be subtracted from the total N recommendation. 



Tt Quirts nHJTt plannlnfef Ihiinuthiir S 
li:rtLlL2iir&du^ Hj l1i hI^j^' <iv.i[l.ibLliI\'. hul 
zinadvdnUgL: utlliF^ nuurct^ is its high 
anzilyiliftjrS(JJU-ltmi(jK 

(alEinmandMaSntiin 

QiinJMguCcurjnthe Auila^&ulLible 
\]lvUlt!nt' l^iuubk-Lhargtd') i^dliuni (Ci-' 
and Mg'-^J, unC^ELunt^ALhangi;! iiEl'^, ami in 
mint^nil lunni. Thtf majuf pcultisLis inlhtr 
Csi^^i:y\:teanr pC^nl upLihi:, tJu^han^, 
priiLLpilatLun, w^ealhtrirg, Jind ItsAuhing 
(figure bKCa^lgdynaKDlc^ui the ^Llat^ 
gulte sliiulavluK(NM>tiAlutt51. LiktiK^ 
pidnts absurh the lutubtt lurut: iomk from 
soil solution, whu^h IS then replEinjshtt] 
b^'e^chijngLsAtiltSfLndmJnfclriilCd/Mg. 'Iht 
moM noliitilL: differenct btlwetn thtto^ 
nutrient cyctttiilitJibitni^e a tliWg 
t:tdy ttutioiL 

Qioin 

C<i pluvian ImpurtanE rult InCfll 
ulur^tiun UnJ nuJntalnLr^ mcmbfiinc 



KlnjcEurelnplanls.ThiiprewnctLOf 

Cain roots al^regulattb plant [liition 
upl^kif byl1niitingiit;C4LWw sGdlun^ l^a] 
and in^nihiiLng btnt^fkiaLK^bturptJiin. 
Most AOJls-Eifipticiallvthifcte in Montana 
and WyOtnlr^, L^unUim jbundiinE Ok jn 
kulutiun 1.1<^-.~IUU ppnif rt^latLvt^ Eu trioal 
crnjpn:Ljuin:n^t£nti \-l^ ppm)- Tit iuppJ]' 




GI^V 



Figure B« Calcium aiid MagUi^^Juin Cycle. 
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oTCiilnsOLl k^lutlonirtinbe EtntinHri 
Idr^rthan K UnJ pli^nti niifucrv much 
Ib^si C^, 5ULJbj[ii:Li:nclL)iin=! riiri^. Ma&i Hm 

In Icm' til kjthn when^ illl^ jJun hi^irumtr^iin 
Importint pTLttsi. 

Cb 15 Li^udlJv Ihij ilufnlnianl butt^ [l^Uun 

Int^JLChiin^ rtiaLtiOnh. aCiiuuntingfur 
mort than 7(h'^i orbdhL tiitur^lion, Itiih: 
i^lurdtion rt^prt^si^nti the ptrrtiL^nlaafc: of 
theCECui:L:Lipji:db^'lBhetial3unUi;5,Mg, 
KrJinJ Nil) and gL^ru^niLlyLnCreiah:^ with 
pH. ETxLhant^dbltr Cd t^xiAtu intlquilibnum 
with thfcL ^Ll bulution. rtiplt^nji^hing ^lubk 
Ch lii^si^s b)' pLint uptdkt^ Or Itraching 
Leia[:hjng[:an bi^ ^ignili^nt In4^cur^- 
bKtujvJ, 5\li\lic Soils ^'hcrtj iubil^intlal 
WiltrmuivithrLn^hthtr prufiUr. Jn muny 
MunQna arul Vp'yiJtnlr^ c^iJcdTvuuS ilhI^, 
kjtrui Ci Icauhi^iULLtuf thu mort QtrjUit, 
ur^nic-f iL:h tupMJiJ 4inil pn^LipjEatti in a 
l!d-nch'i:iili:Li:' hun^n In tiw lub-kjil in 
thefurmufi:iili:lurnc:irbunab: |C^COJ 
urgipium iCiiSO^J. JniiJJitiuntothE 
illi^jLutmnuEthLu ^iiunJurvLlt^pujIts, Cti 
li [ilsunrlcaiirJ through tht^ M^EjthLinnguf 
primlary Tn]ni^r.iL5 auchdb fifliltpiLrK. mriC;^^. 
JinJ l]rni:i[oni;; all Q(whw;hJir*i clOmnwjn 
thfuugh^Lit thit n^un 

Iajss' Cj L:unlent]n imJ ufttnt^auitl 
dCLJiti' pro We mi tt(br4i ddtuzil Ca nutrient 
ik&JencytmdumtbJjnitiUL^. Quththt: 
rutc of Ci iij a t^ic^ cation ^ind Itifhyifnt 
Kcurh^nct with LJrbunatt: t (CO^ -J and 
biLJrbunfltei (HCOj j buffer suil at high 
pHkviilt. WhilriiiiLliliti'iiaprubltni. 
hmir^ 5ijjl4 v^tth CaCO^. CaO. ur CJilOHl^ 
li a izutntTiunprai^tiiTL^. The rule of pH 
In niitJiLintLZ^HilLngiinil Klm' ][can be 
nunagi^iL xvlll tu Jihzuiiud Lndtrplh In a 
l&ti!rN>EMLx1ulbJ, 

Bscau^ijflts &tnjngJlViiJenti:l^rgt!H 
Ca iicti ai an lonli: "gluu', JiClracllngnla^ 
piirtiL:lir& and prutTiijtir^aj;gi\g4it]on 
thruL^a piu:iriiC4iJUrL] 'nLCuLiliitlun'. 
Sotliwithh^levvliuf HjJmmlNa), 
refriTtd toah^iOlit'ujIISr pinnitjtt 
"tlltpersatjn'whidilslhsioppOiHiiOf 
nLa:ijlatLOn. Whtrnmonrn'-iltnl rsingJe- 



i^har^tiJ') Nil TdnnJomrnatttht clay 
sLirfdCLiJi in thi hjlI, thtr wtdk pjslIitx 
i^hflr^t uftht! Lon ts nut Jitrungenuo^ 
tuiMiEtumt ihe ntgatiwr LhargtiS of clay 
FOrticki. whli:h Thenrsipel i^^ich other. 
Tht! result ufdii[XTS|unTs a StruCturetesi, 
gLil-llkt: 5oit%v]th I niuffiClLKntdE ration, 
permtiihLlity. and ^'a&r-lKjtdingiiapiHiity 
luT optimLuB plant grLM'tii .WdiCjons of 
Ci\ mtht: rbrmufg^-phunifLreEreqLiently 
prescrLbEid lornic!ljaimlng suIjc vj[h 
heciau^E^ Fti:uunterK tbt E^akctiofNJiand 
prointjtei tht: .^gregsbtin criEw^al (or lOll 
pnAlu^:tL^■lt!^ (iypium ih phiferablt to 
CaCOj ttH^auit gjphum li mum lolubk. 
]A3i\' Na jrngatiQnwaBir^jr rainwalLrCjn 
thi^n \x. ustid Eu Icat h Na out vi |he V-ul 
profile, 

^dgpUy&ac^[Li:al^JU: inni^arlyall 
portioC plant nit^tabolism and proltin 
iyntht^iii, and ii an^^sst^ntial i^unstitmint 
of chlorophyll. I*lanll retiLiirt: ItrhiMgthan 
Ca, butduficceni;jfc:i Jre mun: tiommon 
bts^uKE^rehiMg exalts in the h>iI solution. 
Mjntiral JbrraioiMgart: relatively retlititnt 
lD"vreaEhd ring and i"eprtkrn]Ji litrgt 
frd£llonoftotil soitMg. MinerjIfoKmhof 
Mg mtiluJii b]Otjte. hurni^blenJe. olivisnis, 
dcMoraite. :^nd muiE !i. t clay miner^di. 
ScluhlL! MgCdn alsoprtscipilateouluf 
sulutLOnaiMgCO.jOrMgSG^.frEtjuently 
iilongwithCiiCQjnlheiub-iiJifaCii, 

Although L"a iiml Mg ihart the sanui 
i:XLhar^pn-Cei^i, MgMjrbsles&itror^Y 
toiotl Liollolds andthLiriilijn! [^ triort: prone 
tuluurhing, parti^ularh' in luindy kills. 
Aiacation, Mg competes with ta =, K-^ 
andNH^ ftjr plant absorption and ^^itiun 
Lfxchar^ sitei. MgdefiLLcncie^iuiur 
when these other ^:iliun* dotnlniih: lolls 
wjth lij^' MgiunmntTiitiuni (1^1U*^^ ul 
bd!K uituraLion). A common Mgikfk:ien:y 
pruhlEm In^-ittlE^ si^griAiffitany'. Or 
■hypunugnetitsroja'.dut: loiniufRcienl Mg 
]nlbrage.Llvtrh1oL:k^ante ftiJMg-ulthin 
i(M MgarCiilior boil^Cantw anuind:^^ with 



VI 



HdM^ t: LErfTidQiyndQiLnitneiti: tfunj.TeEtiiid qtl^ F^iiL q HE[{-iTTrd^D£im[ 



t^psLjm iiil[(MgJ*0,)L>rdi:jlumitt! (MgCO^} 
QiUlLtiunf, HiTLidu^ uEthc luh^' Nubility of 
dulumlli: al pH Itvvkibjvt 7, spraying 
UniulvvJuriLt^'cp^m hLI i» mutt suitubltr 
un MunUi nil's anJ Wv^jmir^S high pJ"! 



lary 

St^clijndar^' nulrlt^nll ;irt no k.\i 
tij&cniidl lupli^nl gruwih thdnlhtr primary 
nutrients: N. P. ^nd K. Tlx m]ntirali_E_v 
uf MunQr^ and Wyuming tmls gt^ntrdlly 
mdlnUiin hi^ tcwlsijf LLvulLibJe Cn^nd 
Mg, HiTLtiu^ pliinli t^^LLilt^ reLatJvtJy itniilJ 
diTUJLinliuElhi^le nutriuntiiinJ luu^hing 
is minur, CaiimlMg JtlicmnLJts am rJin^ 
Inthii rt^iun: air^mmuliilion ijf CJi unJ 
Mg Siill^tire [ii:ltiZ]llv<i niunri!uniniiJn 
prubltim. AlthuLghiUrfiLit^ru^wriijf S 
ziftr <LltiirelatLwly]nfrt^(|ui!nt. buStiLnnJ 



cropidngwlthftrw ifani" Inputs niaj' 
i^usu yibjlili lu tt llmlltiJ by S. Sulfur 

pltLVftii n^Lijijr ru\t m bulh iiLiLJ and 
L|Uii|lty ftjr muil urupi iinil CijnsJiLerably 

irnprijw* tht' tdiiirlj^irntrsiuf N, P, anJ 
K iVrtLJi^tiun. EfliiCtivt^ mUnLigi^rTuinl 
for S LnclLidi^n li^rtLlLZdbonaFid leiavLng 
nuximum JiraL?unt5 of pOsl-hiirwHt 
rt^biduehOn i^iEl trn^uringthe bthl u^E^ctf 
tins iimltfid DutrJs^nl'pXjl'. S]gnjfi[:ant 
yrtltl :inJ pnirtem responwito S fcirbhatrJ 
hiivt (KenJuCLinii^nted thrut^hout lit 
rtgiunfura VjnEt\^uf LKupl. SuLl inJ 
llshuti liilbr^^nr uk^tul liidid^Fnuaing 
nutrifcinE delight: nCLtiUnJ mlanii^ngfor 
them before iLgni fk^inl \nel[l loste^m^cur. 
Llndtjr&t4inJini; Ihe ti^iLng uf st^Lundiir^ 
nutrients in the sml can iilsu help 
pruJuceri predli:! where JL'finLenclLiiinr 
muJlilhely Iuu^i!ur 
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R^^ieIp^(es 



IkDiim.JD jiMlin Vjf^T ItiU^ riiinL1^Hp:ir»c 
L'^ukfiif inU^b^rn^kUuJiL f .IT^-JI^S Iff 
M.A.'liiluliilai. icJ-l ^uJluT l^J^^m:lllLu^^, 
JleTun_MjEUjef-:i7 AS^Lii^LiAJShij^- 

brlkJy.S^. ISS^.ThdNaLuKoiklPrnF^itfL^ 

Cufn]uny ^i^w ^urk. 7^Jp 
FuDi. hO.aiHlU.U, EllbkllWT kjlll^rtilily. CITC 

sulfur dum[^kiAh in ^jhti f [inT-^.i^. Ai MA 
TalnLtlui, ft^LlJ Sulfur iri A(fnCulLuit ^run, 

tcrlilmtif JQ UFi &jn^i kn Uit ^jjUdLiFi V4ALk"L' ud 
MunLiikL M.^ Tlx-^i^ [k^pl.-^ri'luntiindkut 

Mt 

i^riiiitC.A.aKlL,l>.B4i]k^- I^^^l. J-crti]ily 

n^uk^ufiKDL Id Ldifvjlid inAJUE^ljLtfL C^n. J PtuiL 

IMin.l-L.-ID. Hcat^m. i^L Jii^Il.ajhJ^'L 
tilibun, Pi^nU-i^ I IaJ], lippdr !kMdLt J^nvr. SJ. 

JukffiEk,iiIa. aull. B&EbL/i^tn^L^ntifkJHiLrur 
on 4:dfv^h vr?td and i^idtrkrt L]ptifi! Agrui J. 

n^i^inusHin.l'iLdnJPlJ Itjv^t ELiy'i PLint 
Iti.'^F^JnJ' tu buLfur in Lhi! ^\tsl£ni I'tiI k J Rbili:^ 
p.^^-il7J /n -^A I^^IuLaIui. (iikJ-h Sulfur ifi 
JlgriLuJlure Atffun MLirVJ(r 'JT j*iA. L' iSA, 



(. M 3iyiiLh L^75 .^ htri^i: n-^uLfur niluLxm^hLi 

Nl-hJl^.VV l^H^ ^^uIIlujaJ LirLifi LjUdliLy p. 
tiJo-^l, h M A TiituLului. |i:iJ ^ ^dfurLii 
j^nLiulLkifi: JijFun. M^JD-^T. :^7. AS].\ i! ^A, And 
MifL MiiJuon.WI. 

SpUniltr K lIikJ i.ti Frtnty fl?d^^ir§ iFu! "^Ifuf 

'l;alkiLjlki].MA.tnJV-M Ch^ LkJ^l.MJiKraliSiUua 
ofsLJfLir m !iJ^bh amtj ntkiJ \h iLKur^dnk H4Elt:«L 

Tuulnlt. S L . H-b t^i^^ in^}y FliiDju. iWtti 

AiiiEuf^uJfurUt^KiK:ic{T p,::^^^rj2 /n ma 

'J^IuLJu], ^L^i ) ^utfur in -^ ni u1tim ^ritfi- 
MuTKer.J7. 4AA,4J:^SA.anJ ^^hK MdiSui, 

Un^tr.C^D Fijfcn C llranL [inJ Lutw 2lie_ 
I FTifhlct uf milfihur LtTtjlL£4j r f \n ^pL'knjJ ^^'ixat 
hriL-JiJnulnng ktLiolit^ PrLLLLAtEng^ ui Use Cfi^ 
IJLui&SjiI [^TUIjlvL"Qnfc rtnn: U^Q Dtmvr^r 



CulumJu, Hindi Z^, :![m 



whi"^ pni-pni'- Mn3 



JaLiLliidLLTJ] 

^VlLhrruji. F> IHm P'urlili^triiuuFiJFyLinf 
]KrtTiFiiul fi^rigc^ R: rLJliifcr t^t ^ 7. MunLirm 
^Idhi Udewj^I}' tilknituEi bi^rva^^ 

ZhiUT.KJ.MJ llonlnfi^nJ.iinLl L^.PMLGnilh 
W^^. Sulfihur iiEljnJ LituFi dif^ Lrm-tsuo^iLlU 
ondiiuilrLyufx^'hL^Jt. F.LlijreJbLi JO-I-17. 
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Hoduk t: [ECfTidQiyniina^utneiti: fyi^ .TEFtmd oni F^i^ b HECf-irvraiJa&miL 



Jtopenati 



SmL Ifn^i^^-^^ rncfiL L^^irTuiutli^L ^JhlLirnLi 
L^Ttllj^LrA?[9:x.LLtiiJii liiti:r%LiL l^ublvrtitrh ^^1 

ltd5inL-lLMling^hj|»fiETe. 
Plant TdkFtrEUanFbiuol J Hi^nNjfi fivit^ Je 

AfifinJLJiiWiii^ly Sa^ 

^QFGfiaih kvlhtinltllQ 19^7 CkC Pm-^ 
llr._^[!dLrjn.]-'kir|Ja J^Uj^ 

^Q F«j1tlr^>Dnd FirtJltim An EntTDdiKtbii to 

NutrtFntNoftal^rnrnL lld^-Lin. JL.^-L li»Uk, 
J„iMltjLrjnjrx] WL NlSmih- 7UiLdllinn.lHHh3 
?^rajn b^A^nULc I Ul Lipfiu ^EvJ^ili: l^j^f , New 
Jtftcy_51jp_ *ysiHuX. SltXi 

EujijnBM ttomuj 

!9iig II- Liupy L^fm:, 

GnlliKlit hUp.O%yw^h m^mLmJ■tJLl^w;^^h'nb■' 
nuh^-bl4Tl_html 

Urulitiiin Llv jhr^^ lii liLFcoivi ftuEiCTLiiiji.^ lihhlSl 
Ibr iihbppLni] ► (n ^m 

llcMmin.M'l"=B7i7-:Jruo 



^L-Htb HE9E341ECCB ttlAh ^JF LmllfK 'JFlltHClg 



Pbu+it>h 

Ee^L Rick. As^l^IliL: Piur^nur. Sbjnldfu 
iitQti: l"nr\t:rdty. llLtoiiitin |4r i] | CJ94-it^!^3 

Acksaa, CmoL AsbA-ii^k PruFc^Lir. ^iLtm 
TT^irgLt Agm:ulLural Itts^T^ht^iiTikr t^unnkl 
t^Ual :i 7ti-7^J7- filtM. fajnf-^iTLfiLifkJ-EiJ u 

J-i I h'^L {Tb [iL FLklcnsiufi J^LnL ^L-rLll L\ !]fU4lilDL 
Ml riLinu^Uk l■n]^^mLy, EJc^ckiun f4JJi3> IJitit- 
flJ7d LliiinjE^ ni-inLifiJ-LAlit 

UtfkDtt, Mai. I'rjdh^^. ^^stilm ^riLuLlurjl 

^"uzhniiini DdvCl jV'xyjJiitlr l'nJL'?^J:a~ t^iin^iil 
^nL^lLkiTiil Hls^oji. h ^i-i^b: r, MLii^isfn, i^L^) 
JliJ-5^1 dM'H-hrruniij iiiL^fltjnfl-iidu 



Itafci— CB 



^^^i^J^ulph^lrlnHHIijL! ch^J 



I h. SulphuT LnsLht^L h.irT\ [uj^l 
■jfJunn^ fHitiLiL^n Tb aniJ 4::^ pcrtiM: 

Id ^njf lUhVUk Sulf^T ^ULS 

hU n-^-'w WW t:^ L jtuJiik^du-l-s Lpk^te- 
planJJM-u^lfertrttflyJw him 

kJI&mDt^tl tiSiL JiisulL^ rL4~ »:^vi;il 
tnjER, ^JLiilt, NUSU 

http j'AyM%y-monl^o^.tL3 Q-'puHk-Jlt: ma 

Pul]|jLkJtJi ifu I iTifi-r]F^ kcifLtfnubiHi 
ruq~ tkhrisfun lYuliiLiiihn 

M^LI wctMy Agnwjmy NutE^ by 
Dr, JikTi EklL^T 4jn rangt nrif^^uL'^T 
IdcIuIji^ trLli^tr maiu^L: rm^at 

uri A FtQUlr HjOiigtmLnt^ 
£ind 4At r JIJ4 1 Af^nifKjm.^ iv-ili^a 
tp iLiI dins^i; Fing q LiL^tii ins fnim 
pn.xJ LJ.L t^, cxkrchiun igN-j^L^^nd 
LiuFisuLLuib 

hU p J ■ LinU n.^ JkiJUA-g^jntiiikii^u 

F\:rbJ£^L:r l-'dLb iHjmnurLlfittg 
FLrLiN^tr rinJingsEiriLJ 
rLLLTTimt rxj J tii ^ru tjitJ ijn (liiliJ 
ru^un. h ^1 jr>J u.L\J in^kinUnii 
k' MunUru ^Ul^ l-m^^m^ 

jftlKdEUld- 



We would Irkeio cute nd 
uLir ulmuit tipptticiatbOn 

Ujtht^ folluwIngvolunUt^r 

thtiLr Eirut dnJ ]nbighl 
EnrrtiikingthltiilKttEF 



jEfff Farfctll. Control 

.^CuniuHing. Brady. 

MonUina 

Roltiti Himys. Htcky 
Mounliln j^emnoiTij' 
Ccnlfir. HivtrrtuHh 

Grant Jj^ikisoOr Western 
TViiinak -^ntiiltirdl 

SVwla. Sdfkmiinr Praifit 
Countj' Extentitin Office, 
'E^rry, MunUnii 

Dflvfi Wit:hm;ir Antral 

.^riLLiltLlTill RtTHrcLF^h 

Ccniur, Mcjtcasin- Mipn^in^ 

SiiJi rdylur. MSU 
CommunjCiiburUi Stfrvicifi. 
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iH Bcoj rsQE ti B u IB Dl m AhjbbI tv non-pcofl Hftjcfllcfi zy pvrpoie^ ~ni It dxim Bfil m nytw i^hlEd 11 mo efidict^aal ol a oam Bf cJz^ prad- 
ucl te^c« cr on pNi y^ scaled w I mpPe<l hi [f 11 ppix sp'l^ cf ^1 K g ^«^ 1c ^e du Tio? ?nd ti b r£U E^r^tlcn ^^^ic^ lb »? tiei? di»j m^nlt 
In elect cfi 1= >:rm nil , p«r.TKtlHi m.tlbBESughl tsm ti e ^ -^lEiEn Mo' Co'' m un li^rlcfi i CEHrAab^ Com m^nlc^lsn s Senicn, 41 & Cu Jnef HoiHd, 
rulHibiAeta1eiJilijmlV9azefnzvi.BDZ«a. Mr?9717: |4H)9U-272n E-m^il-puUkalcatiSmcfitvi&edJ 
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CXTQ S h»J ESKCL 



Tlie prc^wi^ a1 He r^U Extenilcft 5aiic« we AUBlflUe b d pecf}{e regardHi a1 rAC^ aee<L cdcc, le:^ dizUllycff nAlcad cfl^ 
Ktued h U rft»ac« Ql scoiHf ^w lAHla wA k iglQjfftjre pnd h cfne escn cm [^t aM: dl ^y B [Vid Jun b 311^ 1? 4 Inoiqu^n- 
Icfi uiti He US. D^zvHi efi 1 Ql i^gbtfer*. DDU0H Eketo, \4ce Prouirf^ ud CvKliir, Eidefiilu Sef itae, MnnlwiA Sule iJili.efil1v 
Baiemm.NTT W71T_ 



